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ABSTRACT
We present results from a large, high-spatial-resolution near-infrared imaging search for stellar and sub-
stellar companions in the Taurus-Auriga star-forming region. The sample covers 64 stars with masses
between those of the most massive Taurus members at ∼3M⊙ and low-mass stars at ∼0.2M⊙. We
detected 74 companion candidates, 34 of these reported for the first time. Twenty-five companions are
likely physically bound, partly confirmed by follow-up observations. Four candidate companions are
likely unrelated field stars. Assuming physical association with their host star, estimated companion
masses are as low as ∼2MJup. The inferred multiplicity frequency within our sensitivity limits between
∼10–1500AU is 26.3+6.6
−4.9%. Applying a completeness correction, 62%±14% of all Taurus stars between
0.7 and 1.4M⊙ appear to be multiple. Higher order multiples were found in 1.8
+4.2
−1.5% of the cases, in
agreement with previous observations of the field. We estimate a sub-stellar companion frequency of
∼3.5–8.8%within our sensitivity limits from the discovery of two likely bound and three other tentative
very low-mass companions. This frequency appears to be in agreement with what is expected from
the tail of the stellar companion mass ratio distribution, suggesting that stellar and brown dwarf
companions share the same dominant formation mechanism. Further, we find evidence for possible
evolution of binary parameters between two identified sub-populations in Taurus with ages of ∼2Myr
and ∼20Myr, respectively.
Keywords: stars: pre-main sequence; stars: formation; binaries: visual; planets and satellites: detec-
tion
1. INTRODUCTION
A large fraction of stars in our galaxy are members of
binary or multiple systems (Duquennoy & Mayor 1991),
suggesting that multiple star formation plays a major
role in processes such as cluster formation, protoplane-
tary disk evolution, and planet formation. As a conse-
quence, more and more attention has been drawn to in-
vestigating the occurrence and properties of binary and
multiple systems, resulting in an increasing number of
multiplicity studies being performed in the last decade
(see, e.g., Ducheˆne & Kraus 2013).
Significant improvements in high-contrast instruments
and techniques have allowed us to reach a high level of
completeness down to very low primary and companion
masses, especially for favorable targets such as young
stars in nearby star-forming regions. As a result, re-
cent searches have revealed a new population of wide
sub-stellar companions (see, e.g., Chauvin et al. 2005;
Electronic address: daemgen@astro.utoronto.ca
Luhman 2006; Marois et al. 2008, 2010; Lagrange et al.
2010). These findings imply that the so-called brown
dwarf desert, invoked due to a paucity of brown dwarf
companions up to a few AU seen in radial velocity sur-
veys (e.g., Lineweaver & Grether 2003), might not ex-
tend farther out. The existence of a seemingly continu-
ous population, like that shown by the latest discoveries
in the Upper-Sco (Lafrenie`re et al. 2008, 2011) and Sco-
Cen (Janson et al. 2012) regions, suggests that binary
formation extends all the way to planetary masses for
wide separations, or at least implies that mass alone is
not a clear-cut observational diagnostic for distinguishing
between formation mechanisms.
The results of these studies also show that the fre-
quency of wide low-mass companions is higher in star-
forming regions than in young moving groups or the
field (see, e.g., Lafrenie`re et al. 2008; Chauvin et al.
2010; Nielsen & Close 2010; Janson et al. 2011), imply-
ing that binary ionization mechanisms in dense envi-
ronments could be relevant on star-forming timescales
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.10Myr, as predicted by, e.g., Veras et al. (2009).
Some of these wide companions, such as 1RXS J1609b
(Lafrenie`re et al. 2008), HIP 78530b (Lafrenie`re et al.
2011), or ROXS42Bb (Currie et al. 2014), have mass ra-
tios with respect to their parent stars of only ∼1% and
due also to their extreme separations (up to ∼700AU)
are hard to explain in any formation paradigm sug-
gested so far, whether based on core accretion (e.g.,
Mordasini et al. 2012) or disk instabilities (e.g., Rafikov
2011). Hence, these objects represent extreme outcomes
of their underlying formation mechanism(s), regardless
of which it is.
The bulk of the proposed formation mechanisms can
be categorized as fragmentation, fission, or capture sce-
narios, each with their own predictions of the result-
ing binary parameters (multiplicity frequency, separa-
tion, mass ratio) that must be compared to observations.
While it has been found that stellar densities are not
high enough to explain the observed overall binary frac-
tion with capture alone (Tohline 2002), the currently two
most popular formation channels are direct collapse of a
cloud core into multiple components and the fragmenta-
tion of a massive disk around a forming stellar object. In
these scenarios binaries form with separations on the or-
der of the size of the collapsing core (∼0.01–0.1pc) or the
size of a disk (. a few hundred AU), respectively, and the
individual objects may continue to accrete from a com-
mon envelope or their individual circumstellar material
to reach their final mass ratios. Since orbital evolution
due to stellar encounters in clustered star-forming regions
and interactions with disks can be substantial, otherwise
possibly identifying signatures of the formation channel
will likely be blurred. Accordingly, observations of dy-
namically young clusters featuring rather primordial bi-
nary distributions are essential.
We performed a deep-imaging survey of 72 stars in the
Taurus-Auriga molecular cloud, using the ALTAIR/NIRI
adaptive optics system on the Gemini North telescope
(Hodapp et al. 2003). The Taurus-Auriga region is the
nearest (∼140pc) star-forming region in the Northern
sky. It spans a region of approximately 25pc diame-
ter, with a depth of about 20 pc (Kenyon et al. 1994;
Torres et al. 2012). The list of currently known likely
(albeit not necessarily confirmed) members counts more
than 350 mainly low-mass stars. Taurus is character-
ized by a paucity of high mass (M ≥ 5M⊙) young stars
(Kenyon et al. 2008). Its proximity and low stellar den-
sity make it a very rewarding target for multiplicity stud-
ies, with respect to more distant, massive and dense star-
forming environments. This explains the large number
of studies performed in the last few decades, aiming at
defining the stellar population and multiplicity features
of this region using a number of different techniques.
Previous studies of Taurus (see, e.g., Kraus et al. 2011,
and references therein) have found a large number of
multiple systems in the region, with a much higher fre-
quency of wide binary companions than in denser clus-
ters and the field (Kraus & Hillenbrand 2007, 2009b).
On the other end, the frequency of binaries in the ex-
tremely young proto-stellar stage appears to be even
higher (Chen et al. 2013), possibly suggesting destruc-
tion of proto-stellar binaries through dynamical interac-
tions.
The new survey presented here has been specifically
designed to span a wide range of primary masses and
spectral types while achieving high completeness down
to the sub-stellar mass regime at separations > 50AU.
In fact, our sensitivity to companions reaches well into
the planetary mass regime at separations > 100AU. We
targeted Taurus in the context of our other recent multi-
plicity surveys with similar completeness, such as those
in Chamaeleon I by Lafrenie`re et al. (2008), Sco-Cen
(Janson et al. 2013) and Upper-Sco (Lafrenie`re et al.
2014).
2. SAMPLE & OBSERVATIONS
2.1. Sample Selection & Biases
The target sample was originally constructed by
picking 10–15 targets in each of five equal logarith-
mic mass bins over the 0.15–3.0M⊙ range, originat-
ing from a compilation of 275 stars in Taurus with
known spectral types and magnitudes R ≤ 13mag
(Leinert et al. 1993; Ghez et al. 1993; Simon et al. 1995;
Ko¨hler & Leinert 1998; Hartmann et al. 2005; Luhman
2006; Luhman et al. 2006; Guieu et al. 2006). A total of
72 stars were observed between fall 2011 and 2012 with a
few follow-up observations in 2013 to confirm common-
proper motion of the newly-found companion candidates
(Sect. 4.2 for details). A significant fraction of the tar-
geted stars have been part of previous binary surveys.
Since one of our goals is an unbiased view on the mul-
tiplicity properties of Taurus stars, we do not exclude
them from the sample.
The magnitude cut at R<13 mag results from the fact
that we use adaptive optics to observe the sample. At a
distance of ∼140pc and an age of 2Myr, this corresponds
to a lower mass cut at 0.17M⊙, assuming negligible ex-
tinction. As described in Sect. 2.2, in addition to a young
population, we evoke a subpopulation with an estimated
age of ∼20Myr. At this age, the magnitude limit trans-
lates to masses &0.75M⊙, making this sub-sample on av-
erage more massive than the younger sample. The results
in this paper are independent from this skew since singles
and binaries will be affected in the same way. However,
the deduced statistics as a function of mass will be less
precise for the lowest-mass objects because fewer targets
enter the lowest-mass bins. At the very faintest end, ap-
plying a magnitude limit may introduce a bias for the
inclusion of binaries. The inferred multiplicity frequency
might accordingly be biased towards higher fractions in
the lowest mass bin under consideration. This is further
discussed in the respective section (5.2).
2.2. Membership
A detailed analysis of the membership of our target
stars in the Taurus cloud is presented in Appendix A,
while a summary of it is given here. To be able to
draw conclusions that apply to the Taurus population
as a whole and to its very young stars in particular, we
thoroughly consider evidence for both membership and
youth, for all targets of this study. This results in a
necessary split of the sample into young Taurus mem-
bers with ages ∼2Myr and an extended sample that ap-
pears to be co-moving with Taurus, i.e., formed within
the same association of clouds, but that lacks conclu-
sive evidence for extreme youth. Membership in the
young category is indicated by the presence of accretion
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or strong infrared excess originating from a disk in ad-
dition to strong Lithium absorption, which indicates an
age ≪10Myr (e.g., Herna´ndez et al. 2008). Stars in the
extended category are likely part of a population with
an age ∼20Myr, as indicated by their Lithium absorp-
tion which appears comparable to or stronger than that
of the weakest Li signature found in members of Lower
Centaurus Crux/Upper Centaurus Lupus (∼16–17Myr)
for a given effective temperature (Song et al. 2012). We
take this and other evidence (for the full analysis see
Appendix A) as indication that a burst of star formation
about ∼20Myr ago created this group of stars which was
followed by another star formation burst 1–2Myrs ago.
We find 36 stars to be classified as young members,
while another 29 belong to the extended sample. A total
of eight stars in the original sample lack evidence for
youth and/or membership in the Taurus association. We
present their measurements for completeness reasons but
do not include them in the analysis. The resulting sub-
samples together with basic stellar parameters and the
applied membership criteria are listed in Tab. 1. In the
course of the paper, the entity of all Taurus members of
this study, i.e., the extended sample together with the
young members sample, is referred to as the combined
sample.
2.3. Observations and Data Reduction
All observations were obtained at the Gemini North
telescope with the NIRI instrument (Hodapp et al. 2003)
in Ks band (1.95–2.30 µm). The ALTAIR adaptive op-
tics (AO) system (Herriot et al. 2000) was used to obtain
diffraction-limited images on NIRI’s 1024×1024 Aladdin
InSb detector array. The f/32 camera provides a sam-
pling of ∼21.9mas/pixel and a FoV of ∼22′′×22′′.
The observing strategy was similar to the one de-
scribed by Lafrenie`re et al. (2008). For sky subtraction
and bad pixel correction, each target was observed at
five dither positions. At each dither position, one non-
saturated short exposure (divided into many coadds) was
acquired in high-readnoise mode, followed immediately
by a longer (typically 10 s/dither) saturated exposure in
low-readnoise mode. Using the low-readnoise mode for
the latter exposure allows us to reach the sky background
limit; otherwise, the contrast would be limited by the
high readnoise. This strategy results in a high observing
efficiency, and a large dynamic range providing sensitiv-
ity at both small and large angular separations. With
typical Strehl Ratios between 15% and 25%, the observa-
tions were sensitive to companions as faint as K∼ 18mag
(5σ) at large separations &2′′ from the central star.
We followed standard procedures for data reduction. A
sky frame was constructed by taking the median of the
dithered images (masking the regions dominated by the
target’s signal). The individual images were then sky
subtracted and divided by a normalized flat field, and
the bad pixels were replaced by a median over their good
neighbors. For all images, field distortion was corrected
as described in Lafrenie`re et al. (2014). Their analy-
sis shows residual systematic uncertainties of 15mas,
25mas, and 50mas at radii of 4′′, 8′′, and 12′′ from the
center, respectively, and a systematic uncertainty of the
position angle of 0.15◦. These uncertainties do not af-
fect our relative astrometric measurements with NIRI,
but may result in systematic separation offsets for wide
companions when compared to observations with other
instruments (Sect. 4.2). Fig. 1 shows fully reduced, un-
saturated images of three discovered close-in bona-fide
companions.
3. ANALYSIS
3.1. Photometry & Astrometry
We identified a total of 74 companion candidates
through visual inspection of the individual shallow and
deep exposures of the targeted 64 Taurus members. Our
attempts to remove the static speckle pattern by sub-
tracting a PSF from a different exposure taken close in
time did not reveal any additional companion candidates.
The companions’ positions and magnitudes relative to
the target stars were determined with simultaneous PSF
photometry using the IRAF task daophot. The required
reference PSFs were constructed from the target stars
themselves, within a radius of 150 pixels. If one or more
of the companions appeared within this radius, they were
removed by replacing the contaminated section with a
copy of the equivalent region on the other side of the ref-
erence star’s PSF, rotated by 180◦. We confirmed that
this procedure introduces negligible photometric and as-
trometric uncertainties by comparing the resulting pho-
tometry of an uncontaminated PSF with and without
substitution.
Whenever possible, the individual shallow images were
used for photometry/astrometry. If the companion was
too faint to be reliably detected in the shallow images,
a combination of the deep and shallow exposures, which
restores the natural PSF shape in the central saturated
core of the central star in the deep exposures, was used.
This combination replaces the innermost 8–10pix with
the unsaturated PSF core from a shallow exposure of
the same star, scaled to the same exposure time. The in-
troduced uncertainties are ∼0.05 pixels for the measured
separations and 0.1mag for the relative photometry.
We determined astrometric and photometric uncer-
tainties from the statistical fluctuations between the indi-
vidual dither images, the residual flux after PSF subtrac-
tion (typically <5%), and the deep+shallow combination
noise. The typical full width at half maximum (FWHM)
of the measured PSFs was ∼0.′′08 assuming a pixel scale
of 0.0219 arcsec/pixel of NIRI. The resulting photometry
is listed in Table 2.
The photometry and astrometry of the components of
RX J0444.9+2717 required a special routine considering
that the central object is a close binary with significantly
different component magnitudes and the wide companion
is not bright enough to reliably serve as a PSF reference
(see Fig. 1). We used aperture photometry of the isolated
wide and the combined close components, respectively.
The resolved component photometry was inferred from
the peak flux at the position of the individual compo-
nents (after correction for the contribution of the other
PSF wings), using a power law fit to the correlation be-
tween peak and total flux. The relative positions were
measured from the centroids of the individual peaks. The
location of the faint peak in the wing of the central object
is not expected to be strongly biased, since two individ-
ual peaks can be identified at a separation larger than
the FWHM of the PSF.
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NTTS 035135+2528
1"
NTTS 040047+2603W
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RX J0444.9+2717
1"
Figure 1. Unsaturated Gemini North/NIRI K-band images of three close multiple systems, two of them (NTTS035135+2528,
RXJ0444.9+2717) previously unknown, and their wide tertiary companions. The contours show levels of constant logarithmic inten-
sity. North is up and east is to the left. Note that NTTS040047+2603W has been classified as likely a non-member of the Taurus
association.
3.2. Detection Limits & Completeness
The 5σ sensitivity limits for the detection of compan-
ions to all targeted stars are tabulated in Appendix C
and are shown in Fig. 2. They are derived from our
companion-free exposures (see Sect. 3.1). To obtain the
curves, the noise in 5×5 pixel regions is measured around
every pixel in the image, multiplied by a factor of five,
and averaged in annuli of width w = 1×FWHM around
the central star. Since all companions are detected in
all five dither images of an observation, the displayed
effective sensitivity is a factor of 1/
√
5 (≈0.87mag)
better than that of the individual exposures. The
separation and brightness distribution of the discovered
binary companions relative to our sensitivity limits
(Fig. 2) suggests that observations are better than
90% complete for binary companions at separations
>1.′′0 and brighter than ∆K ≈ 8mag. For reference,
Fig. 2 shows all literature binary companions detected
in the Taurus region within the same separation lim-
its 0.′′05–12′′ (Harris et al. 2012; Dahm & Lyke 2011;
Kraus et al. 2011; Ducheˆne 2010; Luhman et al.
2010; Rebull et al. 2010; Todorov et al. 2010;
Kraus & Hillenbrand 2009a,b, 2007; Itoh et al. 2008;
Correia et al. 2006; Ducheˆne et al. 2004; Cutri et al.
2003; White & Ghez 2001; Woitas et al. 2001; Koresko
2000; Ko¨hler & Leinert 1998; Leinert et al. 1997,
1993; Ghez et al. 1997, 1993, 1991; Simon et al.
1996; Thiebaut et al. 1995; Hartigan et al. 1994;
Moneti & Zinnecker 1991).
3.3. Masses & Mass ratios
Since none of the presently available pre-main sequence
evolution models cover the large range of spectral types
of the binary components in Taurus, masses are esti-
mated from a combination of model isochrones (Teff <
2700K: DUSTY, Chabrier et al. 2000; 2700K ≤ Teff <
3400K: BCAH98, Baraffe et al. 1998; Teff ≥ 3400K:
Siess et al. 2000). Ages assumed for the individual sub-
samples were 2Myr for the confirmed young members
sample and 20Myr for the extended sample. Since we
cannot exclude the possibility that a few targets of the
extended sample are actually very young ≪10Myr (see
Appendix A), part of the inferred masses may be over-
estimated, because the dependence of spectral type de-
pends only weakly on effective temperature which itself
is higher at young ages for a star of the same mass.
Primary masses were derived directly from their ef-
fective temperatures, which were inferred from spectral
types according to the transformations in Luhman et al.
(2003, SpT later than M0) and Schmidt-Kaler (1982, ear-
lier SpT). If no individual component spectral types were
known, system spectral types were assigned to the pri-
mary assuming that the most massive component dom-
inates the system luminosity. Following the scheme in
Lafrenie`re et al. (2008), secondary masses were derived
from the model magnitude of the respective primary ac-
cording to its assumed spectral type and the magnitude
difference between the primary and the secondary, if
known. Under the assumption that extinctions are sim-
ilar for both components of a binary, this is expected
to return an extinction-independent model magnitude
that can be converted to mass, again with the same
isochrones. It has been shown that the inferred mass
ratios q = MB/MA do not depend strongly on the used
pre-main sequence models (Correia et al. 2013), suggest-
ing that the derived values are reliable. Calculated pri-
mary and secondary masses are listed in Tab. 2.
4. RESULTS
4.1. Are the companion candidates physically bound?
In a sample of 64 observed Taurus members, we found
a total of 74 companion candidates (28 in the young and
46 in the extended sample) to 40 stars in the separa-
tion range of ∼0.′′06 to 12′′ and within the sensitivity
limits shown in Figure 2. Of the detected companion
candidates, 40 were previously known and 34 are new
discoveries. Since we have no photometry in other fil-
ters and second epoch observations for only a fraction of
the new companion candidates (see Sect. 4.2), we eval-
uate the probability that a particular companion candi-
date is physically bound from the density of background
stars in the Taurus region. The procedure closely fol-
lows the analysis presented in Lafrenie`re et al. (2014),
who use the number of expected chance alignments with
unrelated background stars Edet to quantify whether a
source is likely bound or not. Edet is calculated as the
sum over all target stars of the number of expected back-
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Figure 2. Sensitivity of our observations to the detection of companions with a significance of 5σ. The two bold black curves mark the
range of companions that would be detected around 50% and 90% of all stars, individual curves are shown in gray. Filled symbols show
our new discoveries in the young (circles) and extended (diamonds) samples, open symbols show previously reported companion candidates
in the two samples, respectively. Plus signs show the position of other known binary companions found in the literature (for references,
see text). The dotted curves show the approximate locus of targets with Edet ≈ 0.05 and Edet ≈ 3, equivalent to a 95% chance of being
bound to their host star or a 95% chance of being an unrelated background star, respectively (see Sect. 4.1).
ground sources that are as bright or brighter and within
the separation of the detected companion. The num-
ber of background stars is estimated from the density of
objects in the 2MASS point source catalog (Cutri et al.
2003) within 15′ from each star using Poisson statistics.
Since many of our detections are fainter than the limiting
magnitude of the 2MASS catalog of K≈15mag, we ex-
trapolate the almost linear increase of sources with mag-
nitudes between K=7 and K=14 to fainter magnitudes.
This approach is validated by the fact that the number
Ndet of actual detections of similar sources in all our im-
ages is always of the same order as Edet. Both values are
presented in Table 2.
We consider all sources with Edet ≤ 0.05 as bound,
which equals to a probability of 95% that they are in-
deed bound, according to Poisson statistics. Similarly,
we classify all sources with Edet ≥ 3 as background with
95% probability that this is true. The status of sources
with 0.03 < Edet < 3 cannot be decided statistically and
follow-up observations are required (see next Sect. 4.2).
The statistically classified number of sources in each cat-
egory bound:unbound:inconclusive is 22:36:16.
4.2. Common Proper Motion and Colors
Fig. 2 illustrates that most detections with ∆K &
5mag have low probabilities of being bound. A few of
these (a total of 10 companions to DI Tau, HD 283572,
LkCa 19, RX J0409.8+2446, RX J0420.8+3009) were
previously observed with deep H-band AO imaging by
Itoh et al. (2008) and both relative proper motion and
color information can be used to assess their nature.
Furthermore, ten target stars were re-observed with a
time lapse of ∼1 or 2 years as part of our survey. If the
companions are found to be co-moving with their parent
stars, physical association can be assumed. Proper mo-
tion checks for all companion candidates with multiple-
epoch observations are shown in Appendix B, and the
comparison with data from Itoh et al. in Fig. 3.
We find that almost half of the companion candidates
with second epoch observations are likely real compan-
ions. These are mostly bright close-in companions that
also exhibit a high probability of being bound according
to their Edet value. Some of these show evidence for or-
bital motion. We detect four companion candidates to
be consistent with being background objects. The rest
are inconclusive, either because the uncertainties of the
measurements are larger than the proper motion (e.g.,
DQ Tau), or because they are neither consistent with be-
ing background nor co-moving. This suggests significant
motion relative to both the background and the respec-
tive target star, which can be the case if the faint source
is a foreground star or a high-relative-motion member of
the Taurus cloud.
The mostly inconclusive results in Fig. 3, when com-
bining the observations from this survey with H-band
adaptive optics and HST observations from Itoh et al.
(2008) lead us to suspect that systematic offsets of rela-
tive position angles and/or separations wash out possible
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signatures. These may be partly caused by the insuffi-
ciently constrained distortion correction of NIRI. An at-
tempt to support the proper motion measurements with
H−K colors failed due to large systematic uncertainties
originating from possible extinction through an edge-on
disk, foreground nebulosity, or photometric variability.
Additional attempts to use the near-infrared colors of
widely-separated companions that have been cataloged
by the UKIDSS (Lawrence et al. 2007) and SDSS1 sur-
veys did not provide further indications for or against
physical association of the companion candidates. Since
both the currently available astrometric and photometric
measurements suffer from significant systematic uncer-
tainties, new simultaneous observations in different NIR
bands will be required to confirm physical association of
the faint companion candidates.
Taking into account all of the available evidence, we
find that 25 of the 74 companion candidates are likely
physically bound to their primaries – confirmed either
by proper motion or Edet ≤ 0.05 – while 45 other can-
didates still need confirmation through future measure-
ments. The remaining four could be ruled out as likely
background objects (Appendix B). Two of the confirmed
targets are likely of sub-stellar nature. The interesting
faint, co-moving sub-stellar companion at a separation
of ∼3.′′7 from HD 284149 is described in detail in a sepa-
rate publication (Bonavita et al. 2014). Companion can-
didate RXJ0444.9+2717/cc4 will be part of further in-
vestigations.
4.3. Multiplicity Fractions
We find 25 companions with a high chance of be-
ing bound around 21 of our 64 observed Taurus mem-
bers. This is equivalent to a raw multiplicity fraction of
MFraw = 32.8
+6.3
−5.2%. The sensitivity for the detection of
faint companions, however, is variable between the stars
due to different target brightnesses and variable quality
of the AO correction. More meaningful quantities can
be derived using only those companions between 10 and
1500AU that could have been detected around 90% of
the stars and taking into account only those stars whose
sensitivity curve is equal to or better than that of 90% of
the targets. We further base our statistics only on those
companions with either statistical or other evidence that
they are bound. The resulting multiplicity fractions are
lower limits, as it is likely that some of the inconclusive
companion candidates may eventually turn out to be real
companions.
Among 57 stars meeting the above criteria, we find 14
binaries and 1 triple system with a high probability of be-
ing physically bound. This is equivalent to a multiplicity
fraction ofMF = B+T+...S+B+T+... = 26.3
+6.6
−4.9% assuming Bino-
mial uncertainties and stating 68% confidence intervals.
The companion star fraction is CSF = B+2T+3Q+...S+B+T+... =
28.1+6.0
−5.3% assuming Poisson statistics. When separat-
ing into the young and extended subsamples, multiplicity
fractions are MF (young) = 16.1+8.7
−4.5%, MF (extended) =
38.5+10.0
−8.4 %. The difference between the two subsamples
is consistent with the fact that the extended sample has a
significantly larger fraction of stars with masses >1M⊙
1 http://www.sdss3.org/
((NM>1M⊙/NM<1M⊙)extended = 3) than the sample of
young stars ((NM>1M⊙/NM<1M⊙)young = 0.6) and that
we detect a positive correlation between multiplicity frac-
tion and mass (Sect. 5.2).
4.3.1. The Frequency of Triples and Higher Order Multiples
Based on our statistics and proper motion mea-
surements, we find only one bona fide triple star,
RXJ0420.8+3009, in our sample. As part of a hi-
erarchical system with a projected separation ratio
sep2/sep1 ∼30, dynamical stability is implied. No
higher-order systems with four or more components with
a high probability of being bound were detected within
the 90% sensitivity limits of the survey. Thus we derive a
triple star frequency TF = T+Q+...S+B+T+... = 1.8
+4.2
−1.5%. This
estimate is a lower limit to the true higher-order multiple
star frequency of Taurus members, because a) this num-
ber does not take into account the finite probability that
any additional candidates that we detected with Edet > 3
are in fact real, b) any of the observed components can
turn out to be close multiples, and c) a binary detected
here may be accompanied by a wide tertiary component
outside the survey limits.
A correction for the close and wide tertiary compan-
ion biases cannot be accomplished with high confidence,
since not all stars in our survey have been observed for
the existence of spectroscopic or very distant compan-
ions. While consultation of the spectroscopic survey of
Nguyen et al. (2012) reveals that at least five of the stars
in the survey can be associated with spectroscopic bina-
rity, the overlap between their survey and the one pre-
sented here is not complete.
4.4. Mass ratio and separation distributions
Fig. 4 demonstrates that our data are compatible
with the same binary parameter distributions as field
stars, i.e., a flat mass ratio distribution and a log-
normal separation distribution (Raghavan et al. 2010).
While Kolmogorov-Smirnov (K-S) tests suggest that the
assumed and measured distributions cannot be distin-
guished (Pρ=98.1%, Pq>99.99%), we caution that a log-
normal separation distribution as seen in the field might
not accurately represent young stars because dynamical
evolution can change separations on timescales of up to
100Myr (Reipurth & Mikkola 2012). An alternatively
suggested log-flat separation distribution of companions
in Taurus (Kraus et al. 2011; Kraus & Hillenbrand 2012)
cannot be ruled out by our data. We find, however, a
comparably low K-S probability of Pρ = 0.46 for this sce-
nario. Since the Kraus et al. results were derived from
shallower photometric data and with a different binary
separation coverage, a direct comparison is not straight-
forward and reanalysis of their data is beyond the scope
of this study. Accordingly we will assume in the follow-
ing a log-normal separation distribution like the one ob-
served for the field, as it appears statistically more likely
and in general more physical than a log-flat distribution.
5. DISCUSSION
5.1. Multiplicity in Taurus
The young age and low stellar density of the Taurus
region implies that it is in a dynamically young state and
its binary population is closer to being primordial than
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DI Tau A-B HD 283572 /cc1 HD 283572 /cc2
HD 283572 /cc3 LkCa 19 /cc1 LkCa 19 /cc2
LkCa 19 /cc3 RX J0409.8+2446 /cc1 RX J0409.8+2446 /cc1
Figure 3. Evaluation of common proper motion for targets in our sample that were also observed by Itoh et al. (2008). Each panel shows
the relative change of the separation and position angle of a companion between a previous observations (△: Itoh et al. 2008 H-band, ⊳:
HST) with respect to our observations (⋄: 2011B, : 2012B). The continuous line shows the motion of a background star and the filled
symbols the position of the companion if it was a background star. If the star and companion are co-moving, the open symbol with error
bars should be close to the filled symbol in the origin. If the companion candidate does not move with respect to the background, then the
open symbol is consistent with the location of the identical filled symbol.
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Figure 4. Measured separation distribution (left) and mass ratio distribution (right) for the young and combined subsamples. Overplot
are the theoretically assumed power-law function (α=0 for linear-flat) and the log-normal separation distribution of solar-type field stars
by Raghavan et al. (2010).
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denser regions like the Orion Nebula Cluster (ONC) or
the dynamically strongly processed population of field
stars. Thus, measuring binary parameters in Taurus can
shed light on the binary population as it is generated
during the embedded star-formation phases before ex-
ternal influences become significant or even wash out the
primordial distribution altogether.
The derived multiplicity frequency ofMF = 26.3+6.6
−4.9%
is in line with previous multiplicity studies which con-
sistently find that Taurus has a larger binary pop-
ulation than the field and other star-forming regions
(Leinert et al. 1993; Petr et al. 1998; Ducheˆne et al.
1999; Kraus et al. 2011). This can be seen when com-
paring with the large survey of Solar-type field stars by
Raghavan et al. (2010). When limiting their catalog to
companions between 10 and 1500AU, we find a multiplic-
ity fraction of 27±2% for field stars with masses between
0.7 and 1.4M⊙. This is a factor of 1.63±0.10 smaller
than the overall field-star MF 44±2% in the full separa-
tion range between ∼0.01AU and ∼105AU covered by
the survey. We use this factor as a completeness correc-
tion for our Taurus sample, under the assumption that
field-like mass ratio and separation distributions apply
(Sect. 4.4). In the identical mass and separation range,
we find that 38+9
−8% of all stars in our Taurus sample are
multiple, ∼1σ larger than in the field. This corrects to a
completeness-corrected multiplicity fraction of∼62±14%
for Taurus stars between 0.7 and 1.4M⊙.
This indicates that the total multiplicity fraction of
Taurus is larger than that of field stars in the same mass
and separation range. This is likely due to dynamical
processing in dense clusters and agrees well with the pro-
posal that most field stars were born in dense regions like
the ONC (Lada & Lada 2003). Our findings are in agree-
ment with previous surveys by, e.g., Kraus et al. (2011),
who find a multiplicity frequency of 2/3–3/4. The fact
that our deeper observations return a similar multiplicity
frequency is due to two factors. On one hand, we could
not yet confirm the physical nature of a large number
of our candidate sub-stellar companions. On the other,
the abundance of low-mass companions is very small, as
further discussed in Sect. 5.3.
In the process of star formation not only binaries form
frequently, but a significant fraction of the emergent
systems consists of three or more components. While
there exists no good theory of how many triples, quadru-
ples, etc., must form as a result of core fragmenta-
tion, observations of field binaries show that multiples
with n (=2,3,4,5,...) components are on average four to
five times as abundant as multiples of the next higher
level n + 1 (Eggleton & Tokovinin 2008). With re-
spect to this finding, the present observations of Tau-
rus show a relatively low abundance of triple stars of
f3=T/B=1/14=0.07
+0.13
−0.02. Rather than pointing to a
physical property of Taurus’ multiples, this value is likely
a consequence of the hierarchical nature of stable multi-
ple systems: since all detected stellar companions must
have separations within the survey’s sensitivity limits,
and most stable configurations require a ratio of semi-
major axes of at least 3–4 (Harrington 1972), there is a
significant chance that either the close pair or wide ter-
tiary remain undetected. This conclusion is supported by
the fact that the frequency of triple and higher-order mul-
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Figure 5. Top: Multiplicity fraction as a function of primary mass
in three logarithmic mass bins for the combined sample of Taurus
members (shaded histogram) and the young and extended subsam-
ple (Triangles). Numbers are derived within the 90% completeness
limits for separations <1500AU. The numbers in parentheses show
the number of binaries and total number of stars in each bin. Bot-
tom: Multiplicity frequency in Taurus compared to a similar study
in the Upper Scorpius region (Lafrenie`re et al. 2014). A uniform
sensitivity was assumed which is equal to the 90%-complete curve
in Lafrenie`re et al. (2014), including only companions within <5′′.
To minimize uncertainties introduced by stellar evolution models,
Upper Scorpius data were reanalyzed with masses derived after the
current scheme using 5Myr isochrones.
tiples among field stars of ∼11% (Raghavan et al. 2010)
reduces to 2.6 ± 0.8% when limiting separations to 10–
1500AU, equivalent to a reduction of f3 from 0.27
+3.8
−3.2
to 0.10+3.6
−2.1. We accordingly find no significant difference
between the abundance of triple stars in Taurus and the
field.
5.2. Multiplicity as a Function of Mass
Previous observations of the multiplicity fraction of
stars on, e.g., the Main Sequence, often revealed a
small number of binaries with low-mass primaries com-
pared to higher-mass systems (Raghavan et al. 2010;
Janson et al. 2012). If mostly due to dynamical process-
ing, this signature should be less pronounced in Taurus
with its short lifetime compared to dynamical timescales
and low stellar density.
The top panel in Fig. 5 shows the multiplicity frac-
tion divided into three equal logarithmic primary mass
bins between 0.2 and 3M⊙. Fitting a linear correla-
tion to the data points we find a slope of α=0.26±0.19,
i.e., ∼1σ evidence for a positive correlation of multiplic-
ity frequency with primary mass. A positive slope is
particularly evident (∼3σ) for the extended subsample
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with α=0.73±0.24 while young Taurus members show
no such correlation (α=−0.12±0.12). The positive slope
for the slightly older systems in Taurus agrees with
the correlation of multiplicity frequency with mass seen
in previous observations of the field (Ducheˆne & Kraus
2013) and cluster formation simulations (Bate 2012;
Krumholz et al. 2012). For example field stars show
an increase of multiplicity from about 20–30% close to
the Brown Dwarf boundary to >50–60% at 2–10M⊙
(Ducheˆne & Kraus 2013) which is consistent with a slope
αfield ≈ 0.37 between 0.1 and 2.7M⊙. It is accordingly
possible that we see an indication for evolution from a
flatter distribution at young ages ≪10Myr to a steeper
curve at older ages which would be in agreement with
dynamical evolution destroying preferably low-mass bi-
naries due to their lower binding energy. A comparison
between the current study and previous results in the
field must, however, be regarded with caution as it is
possible that binaries with separations outside our sensi-
tivity range follow a different multiplicity–mass relation.
Nevertheless, no strong biases should exist when com-
paring our young and extended samples. The possibility
that our lowest mass-bin may be biased toward a higher
multiplicity frequency in this magnitude-limited survey
does not significantly change the slope difference even if
all tentative companion candidates turn out to be physi-
cally bound. It thus appears that we see significant evo-
lution of binary characteristics during the first 20Myr of
stellar evolution. This can be caused by the evolution of
either the multiplicity frequency through, e.g., ejection of
stellar companions, or the separation distribution. Evi-
dence for changes of the latter can neither be detected
nor excluded with confidence in our sample: Gaussian fits
to the log-separation histograms of young vs. extended
binaries find a shift of the peak from −0.34 ± 1.93 to
−0.04± 1.93 between the samples and a KS-test returns
an insignificant probability of P=0.34 that the two dis-
tributions are different. The third possibility, significant
evolution of mass ratios, is unlikely at this late evolution-
ary stage where the mass accretion rates from a circum-
stellar disk are low, typically ∼10−10–10−7M⊙ yr−1, and
disk lifetimes are limited to a few more Myr (Natta et al.
2006; Jayawardhana et al. 2006).
We perform a quantitative comparison of the multiplic-
ity frequency as a function of mass with other surveys of
young star-forming regions by applying uniform sensitiv-
ity limits. In the bottom panel of Fig. 5 we compare our
results to observations in the 5Myr-old Upper Scorpius
star-forming region. The MF vs. primary mass distribu-
tion in both regions is qualitatively similar, but with a
slightly smaller (.1σ significance) multiplicity fraction
of Taurus stars in each mass bin. Log-linear slopes in the
three populated mass bins are not significantly different
(αUSco=0.06±0.17, αTau=0.25±0.17). Lafrenie`re et al.
(2014) further find that their Upper Scorpius data are
consistent with a previous study of stars in the 2–3Myr-
old Chamaeleon I star-forming region (Lafrenie`re et al.
2008). The fact that these distributions of young stars
appear relatively flat – within the current sensitivity lim-
its – might thus be a universal feature of star formation.
5.3. Sub-stellar companions in Taurus
Interestingly, only very few companion candidates were
detected with magnitude differences with respect to the
primary of 5mag<K< 8mag at separations <6′′. This
magnitude range deserves particular attention, because
it is roughly consistent with the sub-stellar mass range
between the deuterium and hydrogen burning limit at
young ages. Since the magnitude limits of our survey are
for the most part significantly fainter than the faintest
observed companions at separations >0.′′2, this void is
apparently a real feature of the binary population2.
With two candidate brown dwarfs discovered with a
high chance of being bound, we calculate a frequency of
brown dwarf companions of MF (BD)=3.5+4.3
−1.1% within
our 90% sensitivity limits between effectively ∼20–70
and 1500AU. As there are a three additional compan-
ion candidates with currently unclear status (0.05 ≤
Edet ≤ 3), an upper limit of 8.8+5.2−2.5% can be estimated
when assuming all of these turned out to be true com-
panions. This result is consistent with previous esti-
mates in Taurus (>3.9+2.6
−1.2% between 5 and 5000AU;
Kraus et al. 2011) as well as young stars in Upper Scor-
pius with frequencies of 1.8% and .4.0+3.0
−1.2% for sub-
stellar companions at separations of 50–250AU and 250–
1000AU respectively (Lafrenie`re et al. 2014). Further-
more, Metchev & Hillenbrand (2009) find a brown dwarf
companion frequency of ∼3.6% to solar-type field stars
between 28 and 1590AU. Thus, brown dwarf compan-
ions with separations of a up to several hundred AU ap-
pear with frequencies of a few percent at all evolutionary
stages.
We want to know whether the low density of brown
dwarf and planetary companions is consistent with being
drawn from common separation and mass ratio distribu-
tions between the stellar and sub-stellar mass regime. We
test this by determining whether the observed number of
Brown Dwarf companions can be reproduced with the ob-
served separation and mass ratio distributions (Fig. 4),
which are based on an almost entirely stellar (except one
Brown Dwarf) companion population. We simulated and
analyzed 10 000 sets of synthetic observations. These
were used to determine the frequency of cases where the
supposedly under-dense region harbors at most one com-
panion. The individual data sets are generated according
to the following algorithm: 1) Draw a random mass from
our observed sample (Table 2). 2) Create a companion
with a separation to the host star randomly drawn from
the log-normal separation distribution in Fig. 4. 3) As-
sign a companion mass assuming a linear-flat mass-ratio
distribution and the primary star’s mass. 4) Repeat 57
times (= the original binary sample size). We find that
in 68% of the cases, the examined region has at most
as many stars as were observed here. Accordingly, the
observed density is highly compatible with the assumed
distributions.
The implications are two-fold. On one hand, we
do not find evidence for an extension of the so-called
brown-dwarf desert at wide separations, i.e., a dearth
brown dwarf companions below what is expected from
extrapolation of the distribution functions of higher-mass
companions. The term brown dwarf desert was origi-
2 To double check our sensitivity to companions in this region
of the diagram, we assumed a companion of the brightness of the
companion to HD 284149 (∆K = 6.3mag) at various separations in
the questioned region and found that it would be easily detectable.
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nally coined to describe the significant lack of close-in
(. 10AU) brown dwarf companions around solar-type
stars in radial velocity surveys (Marcy & Butler 2000)
and was suspected to possibly also hold for wider com-
panions. On the other hand, the observed low frequency
of brown dwarf companions is consistent with being the
low-mass tail of the stellar companion mass distribution.
Accordingly their properties require neither a discontinu-
ity of the mass distribution (e.g., a “break mass”) nor of
the underlying dominant formation mechanism of stel-
lar and brown dwarf companions. These results for a
young star-forming region such as Taurus appear to be
in line with results from the study of much older stars by
Metchev & Hillenbrand (2009) who reach similar conclu-
sions from their analysis of solar-type stars in the field.
6. CONCLUSIONS
We present results from a large, near-infrared high-
spatial resolution search for stellar and sub-stellar com-
panions in the Taurus-Auriga star-forming region with
the Gemini/NIRI instrument. The sample covers 64
stars, equally distributed with masses between ∼0.2 and
∼3M⊙, to obtain an unbiased view of the multiplicity
properties of this young, low-stellar density, and thus dy-
namically nearly pristine environment. With these data,
we were able to measure the frequency of binaries and
their orbital separation distribution, and inferred mass
ratios shortly after their formation.
We split our targets into two similar-sized sub-samples,
a young sample of confirmed members with ages ∼2Myr
and an extended sample of stars which are likely mem-
bers of the Taurus region, but at a possibly older age
of ∼20Myr. Based on statistical arguments and follow-
up observations, we find 22 bona fide stellar compan-
ions (8 young and 14 extended) to 19 stars and two
likely brown dwarf companions including HD284149b
(Bonavita et al. 2014). Out of all likely bound new com-
panions, 3 were previously unknown. Another 49 faint
companions were detected which, however, have signifi-
cant probabilities of being background stars. While six
of these companions were rendered as likely co-moving
with their host stars by second epoch observations, oth-
ers will require future follow-up observations to confirm
or rule out physical association with their host stars.
The inferred properties of multiple stars in Taurus are
summarized in the following:
1. We find a multiplicity fraction of MF = 26.3+6.6
−4.9%
in the separation range of ∼10–1500AU within our
90% completeness limits.
2. We estimate a total multiplicity frequency of
∼62±14% for stars with primary masses of
M∗=0.7–1.4M⊙ and assuming that the underlying
separation and mass ratio distributions are identi-
cal to the field. This is comparable to results from
previous multiplicity studies in Taurus.
3. The fraction of Taurus star systems consisting of
three or more members is TF = 1.8+4.2
−1.5%, compa-
rable to the field value of solar-type stars in the
same separation range.
4. The multiplicity fraction as a function of primary
mass was shown to be qualitatively consistent with
that of other young regions such as Upper Scor-
pius (5Myr). When split into the young and ex-
tended populations, it appears to support an evo-
lution with age from a flat distribution at ∼2Myr
to a comparably steep function similar to the field
at &20Myr. We interpret this as seeing evolution
of the binary population in terms of binary sepa-
ration or number of bound companions within the
first ∼20Myr of cluster evolution.
5. Brown dwarf companions were found around
3.5+4.3
−1.1% of the stars. This fraction appears to be
consistent with extending the best-fit stellar com-
panion mass ratio (linear-flat) and separation dis-
tributions (log-normal) to sub-stellar mass com-
panions. This is consistent with a common dom-
inant formation channel of stellar and sub-stellar
companions, i.e., that brown dwarf and stellar com-
panions form alike.
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APPENDIX
A) MEMBERSHIP
We use several indicators to assess which of our targets are members of the Taurus region and whether they addi-
tionally qualify as being very young. Since primordial circumstellar dust disappears on timescales of .10Myr (e.g.,
Herna´ndez et al. 2008), we use the presence of infrared excess as indication for extreme youth (22 stars; Evans et al.
2009; Wahhaj et al. 2010; Rebull et al. 2010). An age <10Myr serves as sufficient evidence for membership in the
Taurus star-forming region and the thus selected targets are listed in the young members sample in Table 1. This is
complemented with another 13 targets that show Lithium absorption stronger than that of the 16–17Myr-old Upper
Centaurus Lupus and Lower Centaurus Crux regions (Song et al. 2012) at a given effective temperature (Fig. 6).
We invoke a second sub-sample, which we call extended sample, that contains all stars with evidence for membership
in the Taurus association, but no clear evidence for extreme youth. On one hand, this selection comprises targets
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Figure 6. Equivalent width of lithium absorption as a function of effective temperature for all targets with available Lithium measurements
(circles). Red filled circles are part of the young sample, filled cyan symbols are in the extended sample. Members of the 16–17Myr-old
Lower Centaurus Crux and Upper Centaurus Lupus region are marked with gray crosses and plus-signs, respectively (Song et al. 2012).
Their lower envelope is sketched with the dotted line. Objects that we classify as significantly depleted (see text) are marked with open
symbols. Stars in the proper motion sub-group at pmRA≈20mas/yr and pmDEC≈−35mas/yr in Fig. 7 are marked with bold blue crosses..
without sufficient observations to confirm their youth and on the other targets that are likely part of a population which
formed in a burst of star formation about ∼20Myr ago (Sestito et al. 2008). All stars in this category show strong
Lithium absorption comparable to, but not stronger than Upper Centaurus Lupus and Lower Centaurus Crux. Since
binarity can dilute the lithium signature to 1/2 of its original value (if the relative motion of both binary companions
is larger than the line width of Li), we include all stars that have at least half of the minimum Lithium absorption
strength found in these clusters (Fig. 6). This is to prevent biasing our target selection against the inclusion of binary
stars. The described criterion leads to the necessary exclusion of eight stars of the original sample that show Lithium
absorption incompatible with being young (listed in Tab. 1). We exclude these from further consideration.
As an independent test for membership, we explore proper motions and spatial distribution of the thus selected target
stars in Fig. 7. We see that the positions of the young sample are strongly clustered around the previously determined
average motion of Taurus members of µα = 7.16± 8.55mas/yr, and µδ = −20.91± 10.31mas/yr (Bertout & Genova
2006). The extended sample appears spatially more distributed but mostly compatible with these motions, underlining
their likely association with Taurus. We do find four significant proper motion outliers (marked with diamonds) which
we, however, do not exclude from the target sample since their peculiar proper motion can be caused by binarity.
Interestingly, there appears to be a sub-group of stars at pmRA≈20mas/yr and pmDEC≈−35mas/yr that is clearly
separate from the bulk of Taurus members. While this suggests a common origin, these stars do not occupy a distinct
location in the Taurus region (Fig. 7 b) and show a large range of lithium equivalent widths (Fig. 6). As we have no
evidence that they do not belong to the Taurus region (their proper motions are compatible with the scatter of proper
motions of young Taurus members), we do not exclude them from the extended sample and treat them as all other
members. The spatial distribution of the target stars shows a strong clustering of the young sample around previously
identified regions of recent star formation, which can be associated with the location of dusty filaments in the Taurus-
Auriga region Luhman et al. (2009). The extended population appears more distributed, which is consistent with
earlier formation in the Taurus cloud and subsequent dispersal. In additional support of membership of the extended
sample, some stars of this group have measured Hipparcos parallaxes consistent with the distance of the Taurus cloud
(e.g., HD 284149, 155pc; HIP 20782, 130 pc or, after reanalysis by van Leeuwen (2007), 108pc and 165pc, respectively),
have no bright companions biasing the photometry, and are inferred to have ages between 15 and ∼21 Myr in an HR
diagram. We take this as additional evidence for a burst of star formation in Taurus about ∼20Myr ago that created
this group of stars which was followed by another star formation burst 1–2Myrs ago to create the young sample.
B) RELATIVE MOTION OF CANDIDATE COMPANIONS
Figs. 8, 9, and 10 show our evaluation of common proper motion between the host star and the companion can-
didate for all targets with multiple-epoch observations. We distinguish cases of likely co-moving, background, and
inconclusive pairs by square-averaging the dimensionless distances a =
∑
[(sepmeasured − sepexpected)/δsepmeasured]2 +∑
[(PAmeasured − PAexpected)/δPAmeasured]2 in ∆sep–∆PA space between the measured and expected values for a co-
moving companion and background star. We assume co-motion if the normalized co-moving distance is 3 times smaller
than the background distance. The background case is defined equivalently. If the normalized distances for co-moving
and background are comparable (i.e., 1/3 < a < 3), then we can make no decision about whether the companion is
co-moving or background and future observations with a longer time baseline and/or higher precision must be acquired.
Targets that have been classified as non-members are included here. Due to the lack of a better parallax estimate,
a distance of 140pc has been assumed as for the other candidates. This has only a minor effect on the derived
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Figure 7. a) Proper motions and uncertainties in RA and DEC from the UCAC4 catalog (Zacharias et al. 2013). Colors as in Fig. 6,
i.e., red and cyan symbols for the young and extended sample, respectively. The proper-motion sub-group of the extended sample at
pmRA≈20mas/yr and pmDEC≈−35mas/yr is colored in blue. Lithium outliers from Fig. 6 are circled. The four proper motion outliers
are highlighted with a diamond. b) Position in the sky and proper motion vector of all targets. Colors and highlights as in a). The gray
boxes and bold arrows define the extent and average motion of Taurus subgroups as described in Luhman et al. (2009).
classification as co-moving or background since the proper motion dominates the distance parallax estimate in most
of the cases and observations were executed during a similar time of year in 2011, 2012, and 2013.
C) DETECTION LIMITS
Table 3 lists the measured limiting magnitudes for the detection of companions for all individual targets in the
survey at various separations from the star. The limits are measured as described in Sect. 3.2, each averaged over all
five dither positions per star.
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HD 283798 /cc1 HD 284149 /cc1 NTTS 035135+2528NW SEa-SEb
NTTS 040047+2603W Aa-Ab NTTS 040047+2603W A-B NTTS 040047+2603W A-/cc3
RX J0420.8+3009 A-B RX J0420.8+300= >?@A RX J0437.2+3108 Aa-Ab
RX J0444.9+2717 /cc1 RX J0444.9+2717 /cc2 RX J0444.9+2717 /cc4
Figure 8. Evaluation of common proper motion as in Fig. 3 for all companions classified as co-moving. Epochs are ⋄: 2011B, : 2012B,
 : 2013B (=reference).
HC DEFGIJ /cc2 NTTS 040047+2603W AKL RX J0437.2+3108 AMNOP4
Figure 9. Same as Fig. 8 but for likely background sources.
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RX J0444.9+2717 /ccQ
Figure 9. ctd.
CX Tau /cc1 DQ Tau /cc1 DQ Tau /cc2
RS TUVWXY /ccZ [\ ]^_`ab /cc4 de fghijk /ccl
NTTS 035135+2528 SE-NW RX J043mnopqrst uvw RX J0437.2+3108 /cc1
RX J0437.2+3108 /cc2 RX J0437.2+3108 /cc3
Figure 10. Same as Fig. 8 for inconclusive proper motion diagrams.
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Table 1
The target sample
Ka SpT membership
Target name RA DEC [mag] SpT Ref evidenceb
Young Members
CW Tau 04 14 17.00 +28 10 57.8 7.13 K3 1 II,pm
CX Tau 04 14 47.86 +26 48 11.0 8.81 M2 1 II,pm
CY Tau 04 17 33.72 +28 20 46.8 8.6 M1.5 1 II,pm
DE Tau 04 21 55.63 +27 55 06.0 7.8 M1 1 II,Li,pm
DG Tau 04 27 04.69 +26 06 16.3 6.99 K6 1 II,Li,pm
DI Tauc 04 29 42.47 +26 32 49.3 8.39 M0 1 Li,pm
DN Tau 04 35 27.37 +24 14 58.9 8.02 M0 1 II,Li,pm
DQ Tau 04 46 53.06 +17 00 00.1 7.98 M0 6 II,pm
DR Tau 04 47 06.20 +16 58 42.8 6.87 K4 1 II,Li,pm
DS Tau 04 47 48.59 +29 25 11.4 8.04 K5 6 II,Li,pm
FP Tau 04 14 47.30 +26 46 26.4 8.87 M2.5 1 II,pm
FV Tau 04 26 53.52 +26 06 54.3 7.44 K5 4 II,pm
GH Tau 04 33 06.22 +24 09 33.9 7.79 M2 4 II,Li
GI Tau 04 33 34.05 +24 21 17.0 7.89 K7 1 II,pm
HD 30171 04 45 51.29 +15 55 49.7 7.34 G5 1 Li,pm
HD 285957 04 38 39.07 +15 46 13.6 8.24 K2 1 Li,pm
HN Tau 04 33 39.35 +17 51 52.3 8.38 K5 1 II,pm
IQ Tau 04 29 51.56 +26 06 44.9 7.78 M0.5 1 II,pm
IS Tau 04 33 36.78 +26 09 49.2 8.64 M0 4 II,Li,pm
LkCa 1 04 13 14.14 +28 19 10.8 8.63 M4 1 Li,pm
LkCa 4 04 16 28.10 +28 07 35.8 8.32 K7 1 Li,pm
LkCa 5 04 17 38.94 +28 33 00.5 9.05 M2 1 Li,pm
LkCa 19 04 55 36.96 +30 17 55.1 8.15 K0 1 Li,pm
LkCa 21 04 22 03.13 +28 25 38.9 8.45 M3 1 Li,pm
RX J0403.3+1725 04 03 24.94 +17 24 25.9 8.8 K3 1 Li,pm
RX J0409.1+2901 04 09 09.74 +29 01 30.3 8.4 G8 1 Li,pm
RX J0409.8+2446 04 09 51.13 +24 46 21.1 9.25 M1 1 Li,pm
RX J0422.1+1934 04 22 04.96 +19 34 48.3 8.69 M4.5 5 Li,pm
RX J0457.2+1524 04 57 17.65 +15 25 09.4 7.75 K6 1 Li,pm
SU Aur 04 55 59.38 +30 34 01.5 5.99 G2 1 II,Li,pm,π
UZ Tau 04 32 43.02 +25 52 30.9 7.35 M2 4 II,Li,pm
V773 Tau 04 14 12.92 +28 12 12.3 6.21 K3 6 II,Li,pm
V807 Tau 04 33 06.62 +24 09 55.0 6.96 K5 4 II,pm
V819 Tau 04 19 26.26 +28 26 14.3 8.42 K7 1 II,Li,pm
V836 Tau 05 03 06.59 +25 23 19.7 8.6 K7 1 II,Li,pm
Extended Sample
HD 283572 04 21 58.84 +28 18 06.5 6.87 G2 1 Li,pm,π
HD 283798 04 41 55.15 +26 58 49.4 7.97 G2 1 Li,pm,π
HD 284149 04 06 38.80 +20 18 11.1 8.1 G0 1 Li,pm,π
HD 285281 04 00 31.06 +19 35 20.8 7.61 K1 3 Li,pm
HD 285579 04 12 59.87 +16 11 48.1 9.08 G0 1 Li,pm
HIP 20782 04 27 05.97 +18 12 37.0 7.84 G5 1 Li,pm,π
NTTS 035120+3154SW 03 54 29.50 +32 03 01.4 9.58 G0 1 Li,pm
NTTS 035135+2528NW 03 54 35.56 +25 37 11.1 11.10 K3 2 Li,pm
NTTS 040012+2545S 04 03 13.95 +25 52 59.7 10.16 K2 2 Li,pm
NTTS 042417+1744 04 27 10.57 +17 50 42.6 8.3 K1 1 Li,pm
NTTS 042835+1700 04 31 27.17 +17 06 24.9 9.5 K5 1 Li,pm
RX J0405.1+2632 04 05 12.33 +26 32 43.8 9.21 K2 1 Li,pm
RX J0405.3+2009 04 05 19.59 +20 09 25.5 8.09 K1 1 Li,pm
RX J0407.8+1750 04 07 53.98 +17 50 25.8 8.91 K4 1 Li
RX J0412.8+1937 04 12 50.64 +19 36 58.2 9.24 K6 1 Li,pm
RX J0413.3+1810 04 13 21.78 +18 10 24.2 10.58 M3.5 5 Li,pm
RX J0415.3+2044 04 15 22.91 +20 44 16.9 8.58 K0 1 Li,pm
RX J0415.8+3100 04 15 51.38 +31 00 35.6 9.89 G6 3 Li,pm
RX J0419.4+2808 04 19 27.11 +28 08 15.8 8.98 G9 3 Li,pm
RX J0420.8+3009 04 20 49.82 +30 09 15.6 10.51 K8 3 Li,pm
RX J0432.7+1853 04 32 42.43 +18 55 10.2 8.69 K1 1 Li,pm
RX J0435.9+2352 04 35 56.83 +23 52 05.0 8.69 M1 1 Li,pm
RX J0437.2+3108 04 37 16.86 +31 08 19.5 9.41 K4 1 Li,pm
RX J0444.9+2717 04 44 54.45 +27 17 45.2 7.15 K1 3 Li,pm
RX J0447.9+2755 04 48 00.44 +27 56 19.6 9.55 G2 1 Li,pm
RX J0450.0+2230 04 50 00.19 +22 29 57.3 8.89 K1 1 Li,pm
RX J0452.5+1730 04 52 30.75 +17 30 25.8 9.25 K4 1 Li,pm
RX J0455.7+1742 04 55 47.67 +17 42 01.9 8.57 K3 3 Li,pm
RX J0457.0+3142 04 57 06.50 +31 42 50.5 6.54 K2 5 Li,pm
Likely Non-members
HD 31281 04 55 09.62 +18 26 31.1 7.61 G0 1 pm
NTTS 040047+2603W 04 03 49.30 +26 10 52.0 9.46 M3.5 4 pm
RX J0408.2+1956 04 08 13.01 +19 56 39.4 9.32 K2 5 pm
RX J0433.7+1823 04 33 41.99 +18 24 27.3 9.27 G6 5 pm
RX J0441.4+2715 04 41 24.00 +27 15 12.4 10.43 G8 3 pm
RX J0444.3+2017 04 44 23.55 +20 17 17.5 9.53 K1 1 pm
RX J0444.4+1952 04 44 26.85 +19 52 16.9 8.71 M1 3
Multiplicity in Taurus 17
Table 1 — Continued
Ka SpT membership
Target name RA DEC [mag] SpT Ref evidenceb
RX J0451.9+2849 04 51 56.49 +28 49 26.0 11.2 K2 3 pm
References. — (1) Nguyen et al. 2012; (2) Walter et al. 1988; (3) Wichmann et al. 2000; (4) Hartigan & Kenyon 2003; (5)
Mart´ın & Magazzu` 1999; (6) Luhman et al. 2003
a 2MASS (Cutri et al. 2003)
b Evidence for Taurus membership. II: Class II. Li: Lithium abundance. pm: proper motion. π: Hipparcos parallax. Analysis and
references for the individual criteria in Appendix A.
c DI Tau is in a binary system with classical T Tauri star DH Tau.
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Table 2
Candidate Companion Parameters
Obs. sep PA ∆K M1 M2b qb
Componenta Date [arcsec] [deg] [mag] [M⊙] [M⊙] (M2/M1) Edet Ndet Status
c refd
Young Members
CX Tau /cc1 2012-09-02 5.783± 0.007 355.33± 0.05 8.42± 0.05 0.38 0.003 0.008 6.6 2 B0 TP
2013-08-16 5.794± 0.008 355.47± 0.04 8.40± 0.15
DI Tau B 2012-10-01 5.056± 0.010 131.8± 0.1 10.04± 0.14 0.56 0.002 0.004 11 4 B0 1
DQ Tau /cc1 2012-10-01 7.573± 0.030 146.98± 0.02 primary sat . . . 0.56 0.005 0.008 3.1 5 B0 TP
2013-08-19 7.588± 0.005 146.83± 0.05 7.33± 0.13
DQ Tau /cc2 2012-10-01 2.303± 0.030 65.46± 0.26 primary sat . . . 0.56 0.002 0.004 1.9 2 ? TP
2013-08-19 2.309± 0.009 65.17± 0.35 9.88± 0.19
DS Tau /cc1 2011-10-20 7.40± 0.01 299.4± 0.1 3.53± 0.05 1.11 0.062 0.07 0.22 1 ? 2
DS Tau /cc2 2011-10-20 11.59± 0.02 131.0± 0.1 8.80± 0.04 1.11 0.004 0.003 15 15 B0 TP
DS Tau /cc3 2011-10-20 6.93± 0.02 69.2± 0.1 11.00± 0.37 1.11 0.002 0.002 19 17 B0 TP
FP Tau /cc1 2012-09-13 5.80± 0.01 165.2± 0.1 10.04± 0.09 0.35 0.002 0.006 16 9 B0 TP
FV Tau /cc1 2012-09-25 0.693± 0.001 274.5± 0.1 1.01± 0.01 1.11 0.49 0.44 2.2×10−4 0 C0 3
GH Tau B 2012-09-28 0.297± 0.001 106.3± 0.1 0.13± 0.01 0.38 0.34 0.89 2.9×10−5 0 C0 1
HN Tau /cc1e 2012-09-28 3.210± 0.019 220.0± 0.2 3.09± 0.05 1.11 0.081 0.07 0.039 0 C0 12
IS Tau B 2011-10-25 0.211± 0.002 121.2± 1.3 1.75± 0.03 0.56 0.126 0.223 7.9×10−5 0 C0 1
IS Tau /cc2e 2011-10-25 10.855± 0.024 55.9± 0.2 5.22± 0.07 0.43 0.014 0.033 2.3 6 ? 5
LkCa 19 /cc1 2011-10-25 4.669± 0.009 283.1± 0.5 9.55± 0.13 2.67 0.006 0.002 6.1 2 B0 6
LkCa 19 /cc2 2011-10-25 12.172± 0.022 323.2± 0.3 6.00± 0.08 2.67 0.043 0.02 3.5 8 B0 6
LkCa 19 /cc3 2011-10-25 5.994± 0.030 294.7± 0.4 11.30± 0.20 2.67 0.003 0.001 18 14 B0 6
LkCa 21 /cc1 2012-09-20 11.17± 0.03 314.7± 0.1 7.65± 0.13 0.40 0.004 0.01 10 12 B0 TP
RX J0409.1+2901 /cc1 2011-10-26 6.875± 0.001 139.4± 0.1 1.80± 0.01 2.80 1.22 0.43 0.073 0 ? 7
RX J0409.8+2446 /cc1 2012-09-02 5.394± 0.014 180.5± 0.8 9.96± 0.05 0.46 0.002 0.005 16 9 B0 6
RX J0409.8+2446 /cc2 2012-09-02 3.938± 0.014 332.9± 0.8 10.47± 0.22 0.46 0.002 0.004 14 7 B0 6
RX J0422.1+1934 /cc1 2012-09-28 12.044± 0.013 317.8± 0.1 4.19± 0.03 0.22 0.017 0.08 1.4 4 ? 7
RX J0422.1+1934 /cc2 2012-09-28 7.711± 0.011 186.8± 0.1 9.32± 0.18 0.22 0.002 0.01 15 15 B0 TP
RX J0457.2+1524 /cc1 2012-10-01 0.624± 0.001 226.1± 0.5 0.066± 0.005 0.91 0.86 0.95 1.2×10−4 0 C0 7
UZ Tau E-W 2012-09-28 3.575± 0.010 276.8± 0.2 0.63± 0.04 1.13 0.66 0.58 0.0043 0 C0 11
UZ Tau Wa-Wb 2012-09-28 0.375± 0.001 11.5± 0.1 0.37± 0.05 0.38 0.29 0.75 4.0×10−5 0 C0 1
V773 Tau /cc1 2011-10-21 0.23± 0.01 158.6± 0.5 2.0± 0.1 1.83 0.35 0.19 2.1×10−5 0 C0 8
V807 Tau /cc1 2012-10-01 0.189± 0.002 289.7± 2.0 0.66± 0.05 1.11 0.64 0.57 9.5×10−6 0 C0 4
V836 Tau /cc1 2012-10-01 8.960± 0.026 107.4± 0.1 8.70± 0.025 0.75 0.003 0.00 13 13 B0 TP
Extended Sample
HD 283572 /cc1 2011-10-21 5.756± 0.019 53.5± 0.2 9.05± 0.34 1.25 0.010 0.008 2.8 1 ? 6
HD 283572 /cc2 2011-10-21 8.120± 0.008 151.8± 0.1 10.40± 0.66 1.25 0.007 0.006 12 11 B0 6
HD 283572 /cc3 2011-10-21 6.530± 0.014 14.2± 0.2 10.73± 0.32 1.25 0.007 0.006 10 5 B0 6
HD 283798 /cc1 2011-10-20 1.659± 0.003 301.96± 0.05 4.01± 0.27 1.25 0.21 0.17 0.015 0 C1 7
2012-09-26 1.660± 0.002 301.56± 0.07 3.67± 0.02
2013-08-18 1.654± 0.002 301.15± 0.07 3.67± 0.05
HD 283798 /cc2 2011-10-20 2.558± 0.026 132.20± 0.29 10.47± 0.40 1.25 0.009 0.007 3.4 3 B1 TP
2012-09-26 2.548± 0.018 131.42± 0.73 9.59± 0.25
2013-08-18 2.510± 0.011 130.91± 0.09 9.09± 0.09
HD 283798 /cc3 2011-10-20 7.433± 0.031 62.98± 0.17 7.26± 0.49 1.25 0.014 0.01 2.8 4 ? 7
2012-09-26 7.425± 0.050 62.60± 0.20 7.14± 0.07
2013-08-18 7.467± 0.004 62.25± 0.05 6.92± 0.05
HD 283798 /cc4 2011-10-20 7.880± 0.031 76.56± 0.13 7.87± 0.49 1.25 0.013 0.01 4.7 7 B0 TP
2013-08-18 7.891± 0.013 75.76± 0.20 7.55± 0.13
HD 283798 /cc5 2011-10-20 8.492± 0.013 334.72± 0.17 10.58± 0.50 1.25 0.007 0.006 19 23 B0 TP
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Obs. sep PA ∆K M1 M2b qb
Componenta Date [arcsec] [deg] [mag] [M⊙] [M⊙] (M2/M1) Edet Ndet Status
c refd
2013-08-18 8.428± 0.009 334.56± 0.07 10.23± 0.07
HD 284149 /cc1 2011-10-19 3.683± 0.004 255.2± 0.1 6.26± 0.09 1.28 0.036 0.03 0.39 1 C2 TP,15
2012-08-27 3.685± 0.002 255.1± 0.1 6.27± 0.04
2013-08-23 3.682± 0.003 254.9± 0.1 6.25± 0.04
HD 285281 /cc1 2011-10-17 0.775± 0.001 186.0± 0.1 1.19± 0.01 1.11 0.71 0.65 3.6×10−4 0 C0 7
HD 285281 /cc2 2011-10-17 11.70± 0.03 223.0± 0.1 11.0± 0.3 1.11 0.006 0.005 20 33 B0 TP
NTTS 035120+3154 SWa-SWb 2011-10-19 9.011± 0.004 71.1± 0.1 0.65± 0.12 1.28 1.11 0.87 0.13 1 ? ?
NTTS 035135+2528 SE-NW 2011-10-19 6.453± 0.003 298.74± 0.03 0.66± 0.07 1.17 1.04 0.88 0.19 0 ? 9
2013-08-22 6.432± 0.007 298.11± 0.03 0.80± 0.05
NTTS 035135+2528 SEa-SEb 2011-10-19 0.212± 0.001 83.41± 0.66 0.53± 0.01 0.68 0.49 0.72 1.9×10−4 0 C1 TP
2013-08-22 0.211± 0.002 80.69± 0.73 0.53± 0.01
NTTS 040012+2545S /cc1 2011-10-17 1.294± 0.002 4.6± 0.3 0.06± 0.10 1.08 1.06 0.98 0.0026 0 C0 9
NTTS 042835+1700 C 2012-09-25 9.145± 0.029 46.3± 0.1 9.69± 0.12 0.92 0.007 0.007 20 31 B0 13
RX J0407.8+1750 /cc1 2011-10-21 7.817± 0.018 339.4± 0.2 8.34± 0.16 1.00 0.009 0.009 11 9 B0 TP
RX J0412.8+1937 /cc1 2012-09-24 2.616± 0.001 34.3± 0.1 1.02± 0.02 0.86 0.44 0.51 0.011 0 C0 7
RX J0415.3+2044 /cc1 2011-10-22 0.601± 0.001 357.4± 0.1 1.93± 0.01 1.14 0.48 0.42 7.0×10−4 0 C0 7
RX J0415.8+3100 /cc1 2011-10-19 0.951± 0.001 146.5± 0.1 1.42± 0.01 1.22 0.80 0.65 0.0030 0 C0 7
RX J0415.8+3100 /cc2 2011-10-19 2.948± 0.010 99.7± 0.1 9.07± 0.15 1.22 0.010 0.008 6.1 5 B0 TP
RX J0419.4+2808 /cc1 2011-10-25 6.707± 0.004 243.7± 0.1 6.83± 0.04 1.17 0.015 0.01 3.4 2 B0 TP
RX J0419.4+2808 /cc2 2011-10-25 6.617± 0.004 93.0± 0.1 8.79± 0.04 1.17 0.010 0.008 11 7 B0 TP
RX J0419.4+2808 /cc3 2011-10-25 9.336± 0.005 226.8± 0.1 8.77± 0.07 1.17 0.010 0.008 17 19 B0 TP
RX J0419.4+2808 /cc4 2011-10-25 2.043± 0.009 227.8± 0.8 9.60± 0.24 1.17 0.008 0.007 2.4 1 ? TP
RX J0420.8+3009 B 2012-09-28 0.224± 0.001 172.11± 0.20 0.08± 0.03 0.65 0.62 0.95 1.0×10−4 0 C1 7
2013-08-22 0.224± 0.001 172.21± 0.14 0.00± 0.02
RX J0420.8+3009 Ce 2012-09-28 6.778± 0.002 59.43± 0.05 1.73± 0.02 1.27 0.71 0.56 0.30 1 C1 7
2013-08-22 6.785± 0.004 59.49± 0.02 1.84± 0.05
RX J0432.7+1853 /cc1 2011-10-25 8.709± 0.024 106.7± 0.1 10.52± 0.09 1.11 0.006 0.006 20 30 B0 TP
RX J0435.9+2352 B 2012-10-04 0.086± 0.005 331.8± 1.4 0.75± 0.50 0.42 0.27 0.64 6.8×10−6 0 C0 7
2013-08-19 not resolved due to bad AO correction. . .
RX J0435.9+2352 /cc1e 2012-10-04 0.954± 0.020 206.32± 0.35 8.9± 1.0 0.69 0.007 0.01 0.27 0 ? TP
2013-08-19 0.932± 0.020 207.66± 2.00 . . .
RX J0437.2+3108 Aa-Ab 2011-10-21 0.170± 0.002 2.24± 0.53 1.22± 0.10 1.00 0.53 0.53 6.1×10−5 0 C1 7
2013-08-19 0.169± 0.003 3.20± 0.92 1.17± 0.03
RX J0437.2+3108 /cc1e 2011-10-21 10.973± 0.014 56.50± 0.07 6.71± 0.14 1.53 0.029 0.02 9.9 12 B0 TP
2013-08-19 10.959± 0.011 55.99± 0.04 6.99± 0.11
RX J0437.2+3108 /cc2e 2011-10-21 7.725± 0.020 9.35± 0.06 8.00± 0.41 1.53 0.013 0.008 12 9 B0 TP
2013-08-19 7.688± 0.006 9.23± 0.07 8.11± 0.11
RX J0437.2+3108 /cc3e 2011-10-21 6.258± 0.017 151.06± 0.09 9.45± 0.38 1.53 0.009 0.006 17 9 B0 TP
2013-08-19 6.179± 0.006 150.81± 0.08 9.10± 0.08
RX J0437.2+3108 /cc4e 2011-10-21 1.150± 0.010 270.92± 0.40 9.79± 0.29 1.53 0.009 0.006 1.3 1 B1 TP
2013-08-19 1.168± 0.004 271.58± 0.40 . . .
RX J0444.9+2717 /cc1 2011-10-26 0.113± 0.005 205.9± 1.5 1.95± 0.30 1.11 0.42 0.38 9.3×10−6 0 C1 TP
2013-08-19 0.106± 0.007 202.1± 1.9 1.68± 0.05
RX J0444.9+2717 /cc2e 2011-10-26 1.861± 0.004 46.55± 0.11 2.42± 0.36 1.52 0.53 0.35 0.0035 0 C1 7
2013-08-19 1.875± 0.003 46.25± 0.16 2.18± 0.13
RX J0444.9+2717 /cc3e 2011-10-26 7.329± 0.016 19.25± 0.12 10.6± 0.5 1.52 0.007 0.005 13 9 B1 TP
2013-08-19 7.350± 0.004 18.92± 0.05 11.9± 0.3
RX J0444.9+2717 /cc4e 2011-10-26 6.988± 0.014 238.04± 0.14 10.7± 0.4 1.52 0.007 0.005 13 10 C1 TP
2013-08-19 6.969± 0.009 237.96± 0.05 12.5± 0.3
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Table 2 — Continued
Obs. sep PA ∆K M1 M2b qb
Componenta Date [arcsec] [deg] [mag] [M⊙] [M⊙] (M2/M1) Edet Ndet Status
c refd
RX J0447.9+2755 Aa-Ab 2012-09-09 0.64± 0.01 263.9± 0.7 0.02± 0.01 1.28 1.26 0.99 4.1×10−4 0 C0 7
RX J0447.9+2755 /cc1e 2012-09-09 12.05± 0.03 308.6± 0.2 6.82± 0.20 2.54 0.049 0.02 13 15 B0 TP
RX J0447.9+2755 /cc2e 2012-09-09 10.19± 0.03 70.0± 0.2 7.24± 0.07 2.54 0.036 0.01 13 11 B0 TP
RX J0447.9+2755 /cc3e 2012-09-09 12.37± 0.04 24.5± 0.1 8.79± 0.03 2.54 0.013 0.005 21 32 B0 TP
RX J0450.0+2230 /cc1 2012-10-01 2.146± 0.001 83.4± 0.1 4.45± 0.02 1.11 0.086 0.08 0.065 0 ? 7
RX J0450.0+2230 /cc2 2012-10-01 8.44± 0.02 297.3± 0.3 4.72± 0.10 1.11 0.071 0.06 1.2 4 ? 7
RX J0455.7+1742 /cc1 2012-10-01 4.079± 0.020 241.3± 1.0 10.8± 0.7 1.04 0.006 0.005 13 7 B0 TP
Likely Non-Members
HD 31281 /cc1 2011-10-20 4.38± 0.07 346.2± 0.2 10.3± 1.0 TP
HD 31281 /cc2 2011-10-20 4.67± 0.11 196.6± 2.1 11.4± 0.7 TP
NTTS 040047+2603W Aa-Ab 2011-10-25 0.126± 0.006 24.38± 1.83 0.05± 0.03 14
2013-08-23 0.130± 0.001 33.34± 1.12 0.08± 0.01
NTTS 040047+2603W Be 2011-10-25 1.565± 0.004 226.52± 0.11 0.63± 0.12 10
2013-08-23 1.567± 0.004 226.46± 0.05 0.64± 0.03
NTTS 040047+2603W Ce 2011-10-25 3.638± 0.005 332.27± 0.04 5.27± 0.07 14
2013-08-23 3.691± 0.002 332.05± 0.03 5.03± 0.04
NTTS 040047+2603W /cc3e 2011-10-25 7.829± 0.018 292.97± 0.09 9.1± 0.3 TP
2013-08-23 7.826± 0.010 292.64± 0.08 8.65± 0.10
RX J0408.2+1956 /cc1 2011-10-21 11.873± 0.030 135.2± 0.1 11.17± 0.26 TP
RX J0433.7+1823 /cc1 2011-10-20 7.722± 0.026 254.3± 0.2 8.05± 0.10 TP
RX J0441.4+2715 /cc1 2012-09-17 9.594± 0.014 42.36± 0.10 6.65± 0.06 TP
2013-08-19 9.555± 0.087 42.30± 0.05 7.12± 0.06
RX J0441.4+2715 /cc2 2012-09-17 12.565± 0.001 91.00± 0.10 5.93± 0.06 TP
2013-08-19 12.439± 0.004 90.63± 0.02 6.43± 0.10
RX J0441.4+2715 /cc2 a-b 2012-09-17 0.11± 0.01 254.0± 2.0 ∼ 1 TP
2013-08-19 no clear detection of faint companion. . .
RX J0444.3+2017 B 2011-10-25 0.148± 0.003 99.72± 0.54 1.81± 0.05 TP
2013-08-18 0.154± 0.003 98.17± 1.15 1.73± 0.21
RX J0444.3+2017 /cc1e 2011-10-25 10.022± 0.003 160.10± 0.02 3.30± 0.05 7
2013-08-18 9.984± 0.011 159.85± 0.04 3.21± 0.30
RX J0444.4+1952 Aa-Ab 2012-09-25 0.246± 0.001 280.7± 0.1 0.00± 0.02 7
RX J0444.4+1952 /cc1e 2012-09-25 6.191± 0.003 7.2± 0.2 2.33± 0.03 7
RX J0444.4+1952 /cc2e 2012-09-25 2.82± 0.03 201.1± 0.4 9.96± 0.30 TP
RX J0451.9+2849 Aa-Ab 2012-09-22 0.284± 0.001 320.0± 0.1 0.15± 0.01 7
RX J0451.9+2849 /cc1 2012-09-22 5.51± 0.02 82.2± 0.1 9.42± 0.23 TP
RX J0451.9+2849 /cc2 2012-09-22 11.08± 0.02 270.1± 0.1 8.77± 0.20 TP
References. — (TP) This paper; (1) Ghez et al. 1993; (2) Moneti & Zinnecker 1991; (3) Kraus et al. 2011; (4) White & Ghez 2001; (5) Kraus & Hillenbrand 2009a; (6)
Itoh et al. 2008; (7) Ko¨hler & Leinert 1998; (8) Harris et al. 2012; (9) Hartigan et al. 1994; (10) Leinert et al. 1993; (11) Joy & van Biesbroeck 1944; (12) Moneti & Zinnecker 1991;
(13) Sartoretti et al. 1998; (14) Ducheˆne et al. 1999; (15) Bonavita et al. 2014
a When available, a commonly used identifier is used to refer to the individual components. Other and newly discovered companion candidates are marked with /cc1, /cc2, ...
b Derived secondary masses and mass ratios assume that companions are coeval and physically associated with their primary.
c Companionship status after Lafrenie`re et al. (2014). C0: Bound companion based on statistics in this paper, C1: Bound companion based on follow-up observations in this paper,
C2 : Bound companion based on other work. B0: Unrelated background object based on statistics (this paper), B1: Unrelated background object based on follow-up observations
in this paper.
d Previous publication of companion or “TP” if first reported in the current paper.
e The astrometry and photometry are reported with respect to the astrometric center and combined photometry of the close pair in the same system.
Multiplicity in Taurus 21
Table 3
Detection limits for all observed targets
∆Klim (mag) at ρ =
Name 0.′′10 0.′′25 0.′′50 0.′′75 1′′ 5′′ 10′′
CW Tau 2.3 5.5 7.2 8.6 9.3 11.0 11.5
CX Tau 2.6 5.5 7.2 8.6 9.2 10.6 10.8
CY Tau 2.1 5.8 7.4 8.9 9.4 10.9 11.2
DE Tau 2.3 5.3 6.6 8.1 8.8 9.9 10.1
DG Tau 2.3 5.9 7.7 9.1 9.7 11.5 11.9
DI Tau 2.4 5.7 7.3 8.8 9.4 10.9 11.1
DN Tau 2.7 5.2 6.6 8.0 8.6 10.2 10.6
DQ Tau 0.9 4.3 5.9 7.2 7.9 9.7 10.2
DR Tau 2.1 6.1 7.6 8.9 9.7 11.4 11.8
DS Tau 2.1 5.9 7.5 8.7 9.5 11.1 11.4
FP Tau 2.7 6.3 7.6 9.0 9.7 11.1 11.4
FV Tau 1.6 5.5 7.2 8.5 9.2 10.9 11.1
GH Tau 2.9 5.5 7.0 8.6 9.1 10.3 10.6
GI Tau 2.2 5.6 7.3 8.7 9.4 10.8 11.1
HD 283572 2.3 5.4 7.0 8.3 8.9 10.9 11.5
HD 283798 2.4 6.1 7.8 9.2 9.9 11.1 11.3
HD 284149 2.4 5.9 7.4 8.8 9.5 11.1 11.4
HD 285281 1.6 5.0 6.3 7.8 8.4 10.5 10.9
HD 285579 0.0 2.4 4.0 5.4 5.9 6.4 6.5
HD 285957 2.9 6.0 7.5 8.8 9.5 11.1 11.4
HD 30171 1.9 5.9 7.6 8.7 9.4 10.9 11.2
HD 31281 1.2 4.9 7.0 8.1 9.0 10.9 11.3
HIP 20782 2.0 5.8 7.4 8.9 9.5 11.1 11.3
HN Tau 3.3 5.8 7.4 8.8 9.6 11.0 11.2
IQ Tau 2.1 5.3 7.0 8.3 9.0 10.5 10.7
IS Tau 1.8 5.1 6.7 8.0 8.8 10.3 10.6
LkCa 1 2.4 5.2 6.7 8.1 8.7 10.3 10.5
LkCa 4 2.9 6.0 7.3 8.8 9.4 11.0 11.3
LkCa 5 3.1 6.1 7.9 9.1 9.7 10.9 11.0
LkCa 19 1.9 5.5 7.2 8.4 9.1 11.0 11.3
LkCa 21 2.0 5.5 7.0 8.3 9.2 10.7 10.9
NTTS 035120+3154SW 2.2 5.6 7.2 8.5 9.1 10.1 10.2
NTTS 035135+2528NW 1.4 5.2 6.9 8.0 8.4 8.8 8.9
NTTS 040012+2545S 1.4 4.5 5.5 6.0 6.2 7.2 7.5
NTTS 040047+2603W 1.6 4.7 6.1 7.2 7.7 8.6 8.7
NTTS 042417+1744 3.0 5.9 7.3 8.7 9.4 11.1 11.3
NTTS 042835+1700 1.9 6.0 7.5 8.6 9.4 10.5 10.6
RX J0403.3+1725 1.9 5.0 6.4 7.8 8.6 10.3 10.5
RX J0405.1+2632 2.2 5.6 7.0 8.3 8.9 10.5 10.7
RX J0405.3+2009 2.1 5.5 7.0 8.3 9.0 10.9 11.3
RX J0407.8+1750 2.4 5.7 7.3 8.6 9.3 10.2 10.3
RX J0408.2+1956 1.9 5.8 7.6 8.8 9.4 10.6 10.7
RX J0409.1+2901 2.1 5.6 7.3 8.5 8.9 9.4 9.6
RX J0409.8+2446 2.1 5.7 7.3 8.8 9.4 10.5 10.7
RX J0412.8+1937 2.8 5.9 7.2 8.6 9.2 10.4 10.6
RX J0413.3+1810 0.9 4.5 6.1 7.4 7.8 8.1 8.3
RX J0415.3+2044 1.6 5.1 6.8 8.0 8.7 10.2 10.6
RX J0415.8+3100 2.3 5.7 7.3 8.6 9.2 9.8 9.9
RX J0419.4+2808 1.7 5.2 6.9 8.2 8.9 10.4 10.6
RX J0420.8+3009 2.5 5.1 6.8 7.9 8.3 8.5 8.7
RX J0422.1+1934 2.2 5.5 7.5 8.9 9.6 10.8 10.9
RX J0432.7+1853 2.4 5.7 7.2 8.4 9.2 10.9 11.2
RX J0433.7+1823 2.1 6.1 7.8 9.1 9.7 10.8 10.9
RX J0435.9+2352 1.3 5.4 7.3 8.5 9.3 10.8 10.9
RX J0437.2+3108 2.6 5.8 7.8 9.1 9.6 10.1 10.2
RX J0441.4+2715 1.9 5.6 7.4 8.7 9.0 9.6 9.7
RX J0444.3+2017 1.2 4.8 6.6 7.7 8.5 9.7 9.8
RX J0444.4+1952 2.7 5.9 7.5 8.8 9.4 10.6 10.8
RX J0444.9+2717 2.8 5.9 7.6 8.9 9.3 9.9 10.0
RX J0447.9+2755 2.4 4.7 6.3 7.6 8.1 9.2 9.2
RX J0450.0+2230 2.8 5.9 7.3 8.7 9.4 10.8 11.0
RX J0451.9+2849 2.8 5.9 7.5 8.8 9.3 9.9 10.0
RX J0452.5+1730 2.4 5.8 7.4 8.8 9.5 10.5 10.7
RX J0455.7+1742 3.0 5.6 7.3 8.7 9.4 10.7 10.9
RX J0457.0+3142 2.4 5.9 7.6 9.0 9.5 11.2 11.6
RX J0457.2+1524 2.6 5.9 7.4 8.6 9.4 10.7 10.8
SU Aur 2.4 5.9 7.5 8.7 9.5 11.2 11.7
UZ Tau 2.1 5.1 6.5 8.2 8.8 10.3 10.6
V773 Tau 0.5 3.2 5.3 6.7 7.4 9.1 9.4
V807 Tau 1.2 4.8 6.6 8.1 8.8 10.3 10.6
V819 Tau 2.4 5.6 7.1 8.5 9.1 10.6 10.8
V836 Tau 2.1 5.7 7.3 8.5 9.3 10.6 10.8
